Background: Short sleep duration has been reported to be associated with obesity in children, but findings are not consistent. Since few studies have examined the relationship between more complex sleep characteristics and obesity, we examined the association between adiposity and self-reported sleep duration, bedtime, and sleep quality in 9e12-year-old Chinese children using multilevel mixed models. Methods: 5518 children aged 9e12 years were recruited from 29 randomly selected primary schools in Guangzhou, China in 2014. Standardized questionnaires were used to obtain data to estimate sleep duration on typical weekdays and weekends. Sleep quality data were collected using the Children's Sleep Habits Questionnaire (CSHQ). Trained researchers undertook measurements of weight, height, and waist circumference (WC) for all participating children. Body mass index (BMI) z-scores were derived using the World Health Organization (WHO) child growth reference, and children were classified as overweight or obese using þ1 and þ2 SD as cut-offs, respectively. Percentage body fat (BF%) was calculated using bioelectrical impedance. Results: Longer sleep duration was inversely associated with BMI z-score (b ¼ À0.16, p < 0.05), WC (b ¼ À1.11, p < 0.05) and later bedtime was associated with higher BMI z-score (b ¼ 0.03, p < 0.05), WC (b ¼ 1.72, p < 0.001), and BF% (b ¼ 0.15, p < 0.05) in multivariable multilevel mixed models, after adjustment for age, gender, physical activity, parental education level, and average monthly income. No association was seen between sleep quality and adiposity. Conclusion: Shorter sleep duration and later bedtime are associated with higher adiposity indices in early adolescents from southern China.
Introduction
The prevalence of obesity has been increasing worldwide. Particularly, the prevalence of obesity and overweight are alarming in China, where economic transitions have resulted in changes to the traditional diet, increased sedentary lifestyles, and reduced physical activity. 1, 2 Increased body weight may lead to many problems, such as psychosocial problems, lack of confidence, as well as chronic diseases, such as hypertension and type 2 diabetes.
Complex factors contribute to childhood adiposity, including biological factors 3 and lifestyle factors, such as sedentary lifestyle and intake of junk foods. 4 However, in recent years, observational research in different age groups from the United States, 5 Canada, 6 and Australia, 7 have reported that shorter sleep duration may be an additional risk factor associated with higher body mass index (BMI) among children. Apart from this, there is increasing evidence showing that highquality, adequate sleep is important for an overall healthy body, 5e7 while sleep duration has been decreasing over time among children and adolescents. For example, national surveys in the United States have shown a decline in self-reported sleep duration among newborns to 10-year-olds over the past 50 years by 1.5e2 h, 8 which may be attributable to changes in lifestyle, such as waking up early for school and late night activities. 9 Sleep disturbance, characterized by disruptions in quantity, quality, or timing of sleep, frequently occur in children. Depending on the definitions of problematic sleep and methodologies employed, the reported prevalence of sleep disturbances in this age group varies from 20% to 45% in Western populations 10, 11 and is towards the higher end 12 or may be even higher in young children in China. 13 However, few studies have been conducted on the relationship between more complex sleep characteristics and different obesity indices in China. One study has been undertaken in Shanghai 14 on early adolescents, which found that short sleep duration was associated with higher adiposity indices.
In this study, we investigated the association between adiposity and self-reported sleep duration, sleep quality, and bedtime using different measures of adiposity in Chinese children aged 9e12 years.
Methods

Study design and subjects
The analysis presented in this paper comes from a sub-group of participants drawn from a larger cross-sectional study. The aim of the larger study was to determine the prevalence and risk factors for childhood overweight/obesity in primary school-aged children in Guangzhou. A multi-stage stratified cluster random sampling method was used to obtain a representative sample. Using a random number generator, five of the ten urban districts were first selected. Within each of the selected districts, schools were stratified by public (residents) or private (migrant) status, and six primary schools were randomly chosen, with a 2:1 ratio from each stratum. Within each school, two classes per year group (from grade 1 to 5) were randomly selected, from which all pupils (mainly age 6e12 years) were invited to take part. Children were excluded if they had serious health problems, including any physical and psychological condition that was felt by teaching staff to compromise their participation in the study (e.g., children with major disability or serious cognitive or psychological dysfunction). Permission for the study was not obtained for one of the private schools in our sampling frame, leaving 29 participating schools.
Written informed consent was sought from the parents of 11,445 eligible children aged 6e12 years (on behalf of their children), resulting in 9917 participants (86.6% of eligible participants) (Fig. 1) . Data collection took place from April to June 2014, with anthropometric measurements undertaken in school by trained research staff using standardized procedures and instruments. All children had measures of height and weight. The parents of all participating children were asked to complete a questionnaire that inquired about sociodemographic and lifestyle characteristics, and children in grade 3 and above (around 9 years old and above) were asked to complete a student questionnaire (n ¼ 5518). More detailed measures, such as blood pressure and percentage body fat (BF%), were undertaken on a randomly selected sub-sample across all school grades (approximately 50% of the total sample). The number of children with complete data for this analysis was 2795 (1500 boys and 1295 girls aged 9e12 years).
Data collection and measurements
Socio-demographic questionnaire
Data on parental demographic characteristics, such as parental educational level (junior high school and below/middle high school/university and above) and average household income, were collected through the parent/guardian questionnaire.
Physical activity was assessed using the following item: "Please estimate on average, how long your child spends on each of the following activities each day." Physical activity level was classified into four categories: sitting (e.g., classroom work, homework, reading, watching TV, playing computer, sewing, eating, or sitting in car or bus); light physical activities (e.g., getting dressed or undressed, tidying a room, feeding or playing with pets, imaginary play, playing a musical instrument, or cooking); moderate physical activity (e.g., playing in the garden, playground games, walking, bicycling [slow/moderate speeds], swimming for fun, dancing, or gymnastics); and vigorous physical activity (e.g., running, bicycling [fast speeds], football, tennis, rugby, roller-skating, or length swimming).
The student questionnaires included questions on the following: district, school, grade, class, gender, age, and sleep information. The completed questionnaires were reviewed by trained staff and uploaded into the database.
Children were asked to report evening bedtime and wake-up time for weekdays and weekends in the preceding week. The average sleep duration was calculated as the weighted average of weekday and weekend sleep durations using the formula: [(weekday sleep duration Â5)þ(weekend sleep duration Â2)]/7. The calculated average sleep duration was then classified into four groups based on the mean and standard deviation of the total sample (n ¼ 5518). Groups were defined as: shortest ( À1 standard deviation [SD] ; n ¼ 734, range: 6.25e8.61 h); shorter (À1 SD to the mean; n ¼ 2181, range: 8.61e9.61 h); longer (mean to 1 SD; n ¼ 1912, range: 9.61e10.61 h); and longest (!1 SD; n ¼ 691, range: 10.61e13.09 h) sleep duration (eFig. 1). Those who reported sleep duration >±3 SD from the median were excluded as implausible values. Twenty-one items from the Children's Sleep Habit Questionnaire (CHSQ) 15 were included in the parents' questionnaire, covering five subscales (bedtime resistance, sleep onset delay, sleep duration, night waking, and daytime sleepiness). A total sleep disturbance score was calculated from the items, from 20 to 60, with a higher score indicative of greater sleep disturbance. The Chinese version of the CSHQ was developed via translation and back translation and has been used previously with proven excellent sensitivity and reliability. 16 
Anthropometric measurements
Height and weight were measured with subjects wearing light clothing and without shoes. Height was recorded to the nearest 0.1 cm with a TGZ type height tester (Dalian, China). Weight was measured to the nearest 0.1 kg using an electronic scale (JH-1993T; Weighing Apparatus Co. Ltd., Dalian, China). Body mass index (BMI; ½weightðkgÞ=½heightðmÞ 2 ) was calculated, and BMI standard deviation scores (BMI z-score) were derived using the age (calculated by subtracting the date of birth from the date of examination) and sexspecific World Health Organization (WHO) growth reference for school-aged children, which were further classified as nonoverweight ( 1 SD), overweight (>1 SD) and obese (>2 SD). 17 Waist circumference (WC) was measured to the nearest 0.1 cm at the midpoint between the bottom of the rib cage and the top of the iliac crest at the end of exhalation. A MyoTape waistline measurer was employed with the subject standing without clothing covering the waist area. WC measurements were performed twice, and the average of the two measurements was calculated for use in the analyses. Waist-to-height ratio (WHtR) was calculated by dividing average WC (cm) by height (cm). In a subsample of 2795 subjects, bioelectrical impedance analysis was performed to assess body composition using a single-frequency ImpediMed machine (ImpDF50; Impedimed Pty Ltd, Queensland, Australia). Leads were attached to each child's wrists and ankles when he or she was lying down (after voiding the bladder). From the impedance recording, fat free mass (FFM) was calculated using a specific equation derived from Chinese Center for Disease Control and Prevention
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(FFM ¼ 0:290 weight þ 2:222 sex þ 0:427 height 2 =impedance þ 1:547), which is validated in Chinese children, and from this percentage body fat (BF%) was calculated ½ðweight À FFMÞ=weight Â 100%.
Statistical analysis
Descriptive statistics were used to examine the relationship between sleep and anthropometric variables by age and sex. Generalized linear mixed models (GLMM) were developed to assess the relationship between measures of adiposity as outcomes (BMI z-score, WC, WHtR, and BF%), and sleep variables (sleep duration, sleep disturbance score, and bedtime), adjusted for potential confounders. School was included as a random effect in all models, as the likelihood ratio (LR) test statistic was significant at the 5% level. Separate models were developed for each sleep and adiposity variable, and these were developed as follows: model 1 was unadjusted; model 2 was fitted with individual level variables (age and gender); model 3 adjusted for age, gender, physical activities, parental education level, and average income monthly. Average sleep duration was also included in model 3 when the explanatory variables were the sleep disturbance score and bedtime in order to test if the sleep disturbance score or bedtime were independent factors for childhood adiposity. Finally, we reported the prevalence of overweight and obesity using other criteria: a) using the Chinese national reference norm introduced by the working group on obesity in China (WGOC), 19 and b) the criteria introduced by international obesity taskforce (IOTF), instead of the WHO 2007 child growth standard, 20 to be comparable with other publications (eTable 1). All statistical analyses were performed using SPSS (version 21.0, SPSS, Inc., Chicago, IL, USA), and P values of less than 0.05 were considered to be statistically significant.
Standard protocol approvals, registrations, and patient consent
Written informed consent was obtained from all participants and guardians of participants in the study. The study was approved by the Ethics Committee of Guangzhou Center for Disease Control and Prevention and the University of Birmingham Ethics Committee. Permissions to conduct the study and contact the sampled schools were granted by the Departments of Education and Health.
Results
The descriptive characteristics of the participants are shown in Table 1 . The mean age was 10.24 years (SD, 0.96), and 53.9% were boys. Compared with girls, boys had significantly higher weight, BMI z-score, WC, and WHtR, but lower BF%. The prevalence of overweight and obesity was 13.2% and 7.3%, respectively, using WHO criteria; 9.5% and 5.5%, respectively, using WGOC criteria; and 12.0% and 3.3%, respectively, using IOTF criteria (eTable 1). The mean reported sleep duration was 9.61 h (SD, 1.00 Results of the models examining the association between selfreported sleep and adiposity measures are shown in Table 2 . Children with longer sleep duration had significantly lower BMI zscores, WC, and WHtR than those with the shortest sleep duration. The association was attenuated in the adjusted models but remained statistically significant (b ¼ À0.16 for BMI z-score and b ¼ À1.11 for WC as the outcome). Later bedtime was associated with increased BMI-z score (b ¼ 0.03), WC (b ¼ 1.72), and BF% (b ¼ 0.15) after adjustment for age, gender, physical activities, parental education level, average income monthly, and average sleep duration. There was also no relationship between the sleep disturbance score and any measure of adiposity.
Discussion
In this study, with a representative sample of 9e12-year-old children from an urban Chinese city, we found that longer sleep duration was inversely associated and later bedtime was positively associated with all measures of adiposity, while no association between sleep quality and adiposity was observed.
The mean sleep duration in this study (9.61 h) was very similar to that previously reported in similar aged Chinese children (9.46 h), 14 but the duration in our study was at the low end of that recommended for this age group 21 and lower than that reported for children of similar ages in Western countries. An American study reported a mean sleep duration of 10.15 h in elementary school children (kindergarten through to grade 4), 22 and a Swiss study reported a mean sleep duration of 10.2 h in 10-year-old children. 23 Usual bedtime was also relatively later than expected in this population, which, without a compensatory delay in waking time, may explain the shorter sleep duration. 24 These differences are likely to be cultural and due to the overemphasis on studying and academic achievement in China. 25 Other observations of decreasing sleep duration with increasing age and longer weekend than weekday sleep duration in our study are similar to findings in other studies. 26 Our finding of an association between shorter sleep duration and obesity is consistent with previous studies in many settings, including prospective cohort studies, 27, 28 which have shown a consistent negative linear association between baseline habitual sleep duration and later obesity. We found that this association was consistent for nearly all measures of adiposity and have confirmed this association in a population with shorter overall sleep duration in China. Our findings agree with those from a recent study in Shanghai, 14 which also found an association between shorter sleep duration and risk of different measures of obesity in 10-year old children. Our findings add to those of the previous study by examining the association in a broader age range of preadolescents (9e12 years old) and by additionally examining the association between bedtime and sleep quality with adiposity. Although the differences in BMI z-score seem small, there is evidence that even a change in BMI z-score of 0.1 units 29, 30 is clinically important and associated with significant change in health outcomes. Experimental studies, especially in mammals, 31 have demonstrated potential biological mechanisms to explain this relationship, through metabolic derangement leading to decreased leptin, elevated ghrelin, and resultant increased appetite. 32 Behavioral mechanisms have also been proposed, with tiredness resulting from short sleep duration leading to restricted physical activity 33 ; and more waking hours providing additional opportunities to eat. 34 Independently of sleep duration, there are conflicting reports on the association between poor sleep quality and obesity in children. Some studies have found such an association, 35e37 hypothesizing hormonal mechanisms (i.e., increased cortisol and decreased growth hormone secretion) due to alterations in the sleep architecture. In contrast to our findings, a cross-sectional Canadian study of 10-year old children 33 found that objectively-measured sleep duration and bedtime were not associated, whereas sleep efficiency (a measure of quality) was inversely associated with measures of adiposity. This may partly be due to the differences in the way sleep duration, quality, and bedtime were assessed, but is also likely due to the different populations and differences in sleep and physical activity habits. On the other hand, other similar studies 38, 39 found no association between sleep quality and adiposity. A longitudinal study of primary-school-aged children in Belgium, 35 like our study, reported an inverse relationship between sleep duration and central adiposity but no relationship between sleep quality and measures of adiposity. These contrasting findings, from distinct cultural and racial settings, suggest that the association between sleep parameters and adiposity are more complex and need further investigation, preferably with objective measures of sleep, comprehensive markers of adiposity, and longitudinal assessment. More recently, a few studies have reported associations between obesity and late bedtime, 28,40e43 with some 41e43 reporting this to be independent of sleep duration. Ours is the first study to report an association between later bedtime and a variety of measures of adiposity, independent of sleep duration and after adjusting for potential confounding factors in Guangzhou children. The potential mechanism for this finding is likely to be at least partly behavioral.
Obesogenic behaviors, such as TV watching and late-night snacking, are more common in the later evening. However, it is also possible that circadian phase-delay may play a role in explaining the risk for overweight/obesity, particularly given research suggesting the importance of circadian clocks in metabolism and obesity. 44 Taken together, study findings suggest the need to further explore the multiple pathways through which bedtime influences obesity. Our study extends the findings from a study in Shanghai 14 indicating that there are associations between sleep characteristics (duration and bedtime) and multiple adiposity indices in a large sample of Chinese children. However, we found no evidence that sleep quality, independent of sleep duration, was associated with adiposity. Whilst most studies have used BMI, a few recent studies examined other indices, such as skinfold thickness 45, 46 and waist circumference. 47 This is important, as it suggests that shorter sleep duration is associated with both the amount and distribution of body fat, specifically with central obesity. Our study also has several potential limitations. First, sleep duration reported by children may be inaccurate. However, there is research to suggest that reported sleeping hours may be uniformly overestimated, 48 which means that this would not have a great effect on the observed relationship between short sleep duration and obesity. Second, the relationship may be confounded by diet, which was not assessed in this study. A further limitation is the cross-sectional study design, which meant that we were unable to determine a temporal relationship between sleep duration and adiposity. In summary, the findings of this study support the previously observed relationship between sleep duration and adiposity. Children with longer sleep duration, on average, have BMI z-scores 0.16 units lower and WCs 1.11 cm lower than those with shortest sleep duration, and for every hour later that a child goes to bed, their BMI z-score is 0.03 units greater and WC is 1.72 cm greater on average. Although these differences in BMI z-score seem small, there is evidence that even a change in BMI z-score of 0.1 units is clinically important and associated with significant change in health outcomes. This study contributes to the existing evidence for sleep duration as a risk factor for obesity in childhood, and later bedtime as an additional risk factor, independent of sleep duration. Further studies are required to determine the causal mechanisms for these relationships.
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